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Abstract 

In this study, the effects of Siraitia grosvenorii fruits extracts (SGFE) on physical fatigue 
were investigated. One hundred and forty-four mice were randomly divided into four groups: 
control group, low-dose SGE-treated group, middle-dose SGE-treated group and high- 
dose SGFE-treated group. The animals of control group received an oral administration of 
physiological saline in a volume of 2.5 mL, and the animals of treated group received the 
same volume of SGFE (100, 200 and 400 mg/Kg bodyweight, once a day) for 28 days. After 
28 days, anti-fatigue effects of SGFE were assessed 10 h after the last treatment by forced 
swimming test and some biochemical parameters related to fatigue, including blood lactic acid, 
serum urea nitrogen, liver glycogen and muscle glycogen were measured. The data showed that 
SGFE can extend the swimming time of the mice, as well as increasing the liver and muscle 
glycogen contents, but decrease the blood lactic acid and serum urea nitrogen levels. These 
results indicated that Siraitia grosvenorii fruits extracts had significant anti-fatigue effects on 
mice and these effects were dose-dependent. 

Keywords: Siraitia grosvenorii fruits extracts; Physical fatigue; Mice; Forced swimming 
test. 



Introduction 

Fatigue is a common symptom both in 
sickness and in health and it is best defined as 
difficulty in initiating or sustaining voluntary 
activities ( 1 , 2) . It can be subdivided into physical 
and mental fatigues. For physical fatigue, it is 
generally accepted that muscle fatigue mainly 
arises in muscle tissue from a disorder of 
energy metabolism, not limited to lactic acid 
accumulation, which is caused by long-duration 
or intense exercise (3, 4). In addition to this 
muscle fatigue, the sensation of fatigue, which 
partly resembles mental fatigue in showing 
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lassitude, sleepiness and decreased motivation, 
often develops after exercise (5-7). Recently, 
there has been a great increase in the use of over- 
the-counter supplements and naturally occurring 
nutraceuticals for the attenuation of physical 
fatigue (8). 

Siraitia grosvenorii (Swingle), a perennial 
vine of the Cucurbitaceae family, has been 
cultivated in the restricted area of the southern 
part of China (9, 10). Fruits ofthese plants, known 
as Luo-Han-Guo in China, have been widely 
used in the treatment of laryngitis, bronchitis, 
and gastrointestinal diseases in traditional 
Chinese medicine (11, 12). Studies showed 
that Siraitia grosvenorii fruits extracts (SGFE) 
possess a wide range of pharmacologic and 
health-promoting properties including immune 
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enhancement, anti-oxidation, anti-diabetes, anti- 
tumor and anti-inflammation (13, 14). The main 
bioactive components of this plant fruits are 
mogrosides, which are members of the family 
of triterpene glycosides, including mogroside 
IVa, mogrosides V and VI, iso-mogroside V, 
11-oxomogroside V and siamenoside I (15). 
Previous studies showed that glycosides are 
bioactive components of many famous Chinese 
medicines in recent years and used in developing 
new drugs (16-19). Triterpene glycosides such 
as Siraitia grosvenorii have been used as an 
anti-hepatitis drug and steroidal glycosides have 
been used as anti-epilepsy, anti-inflammatory 
and anti-tumor glycosides (20-23). However, 
very little is known about anti-fatigue effects of 
SGFE. The present study aimed to investigate 
the effects of SGFE on physical fatigue in mice. 

Experimental 

Chemical 

All chemicals were purchased from Jilin 
Chemical Reagents Co., Ltd. (Changchun, 
China) unless otherwise indicated. Commercial 
diagnostic kits (special for animal testing) 
used to determine blood lactic acid (BLA) and 
tissue glycogen were purchased from Nanjing 
Jiancheng Bioengineering Institute (Nanjing, 
China). Commercial diagnostic kit used to 
determine serum urea nitrogen (SUN) was 
purchased from Biosino Biotechnology Co., 
Ltd. (Beijing, China). Water was purified with 
a Milli-Q purification system and was used to 
prepare all solutions. 

Plant materials 

Fruits of Siraitia grosvenorii were purchased 
from Jilin Pharmaceutical Co. (Changchun, 
China), and identified by Professor Yang LY, 
College of Traditional Chinese Medicine, Jilin 
Agricultural University. Voucher specimens 
were deposited at the herbarium of Jilin Normal 
University. 

Preparation of Siraitia grosvenorii fruits 
extracts 

Siraitia grosvenorii fruits extracts (SGFE) 
were prepared as described previously (24) 
with slight modifications. Air-dried Siraitia 



grosvenorii fruits (500 g) were ground into 
powder (particle diameter: 0.2 to 0.5 mm), 
then the powder was dissolved into 3000 mL 
distilled water and extracted 3 times at 70°C for 
1 h every time. Subsequently, the water-soluble 
extracts were vacuum concentrated, separated 
and purified using column chromatography, at 
last vacuum-dried to yield extracts of Siraitia 
grosvenorii fruits (46.4 g/Kg), which were 
determined by HPLC system (Waters, Milford, 
MA). The HPLC system consisted of Waters 
1525 binary HPLC pump, Waters 2487 dual I 
absorbance detector and a XTerra RP 1 8 column. 
HPLC analysis indicated that this extracts 
contained 76.4% glycosides and the major 
glycoside was mogrosides V (25.27%). Solution 
of aqueous extract was prepared in saline for the 
experiment. 

Animals 

Male ICR mice (18-22 g) were purchased 
from the Jilin Laboratory Animal Breeding 
and Research Center (Changchun, China). 
The mice were individually housed in a room 
maintained at 23 ± 2°C and 50 ± 5% humidity 
with a 12 h light-dark cycle. They were given 
free access to food and water throughout the 
experiments. The experiments were carried out 
in accordance with the China animal protection 
law and approved by Ethics Commission of 
Jilin Normal University. 

Experimental design 

After an adaptation period for a week, the 144 
mice were randomly divided into four groups 
(n = 36 per group): control (C) group, low-dose 
SGFE-treated (LT) group, middle-dose SGFE- 
treated (MT) group and high-dose SGFE-treated 
(HT) group. The animals of control (C) group 
received an oral administration of physiological 
saline in a volume of 1.0 mL, and the animals of 
treated group received the same volume of SGFE 
(100, 200 and 400 mg/Kg body weight/day) for 
28 days. The rationale for the selection of the 
doses was based on our previous experiments 
and some early literature. The doses of SGFE 
(100-400 mg/Kg bodyweight) were confirmed 
to be suitable and effective in the tested mice. 
The mice were made to swim for 15 min three 
times a week to accustom them to swimming. 
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Figure 1. Effect of Siraitia grosvenorii fruit extracts (SGFE) on swimming time-to-exhaustion of mice. 

Data were presented as means ± SD (n = 12 per group). C: control, LT: low-dose SGFE-treated (100 mg/Kg bodyweight); MT: middle-dose 
SGFE-treated (200 mg/Kg bodyweight), HT: high-dose SGFE treated (400 mg/Kg bodyweight). *: p < 0.05 as compared with the control group 



After 28 days, anti-fatigue effects of SGFE were 
assessed 10 h after the last administration by 
forced swimming test. 

Forced swimming test 

Twelve mice were taken out from each group 
to make forced swimming test. The apparatus 
used in this test was an acrylic plastic pool 
(90 x 45 x 45 cm) filled with water maintained 
at 25 ± 2°C. The water in the acrylic plastic pool 
was 35 cm deep. Mice had a load attached (10% 
body weight) to its tail to reduce the time of 
swimming-to-exhaustion tests. Exhaustion was 
determined by observing loss of coordinated 
movements and failure to return to the surface 
within 10 s (25-27) and the swimming time was 
immediately recorded. 

Analysis of blood biochemical parameters 
related to fatigue 

Twelve mice were taken out from each group 
for blood biochemical parameters analyses. 
Mice were forced to swim for 30 min after 
weight loading (2% body weight) (25). After 
resting for 60 min, blood was collected from 
orbital sinus to examine the blood lactic acid 
(BLA) and serum urea nitrogen (SUN). Then, 
BLA and SUN contents were tested according 



to the recommended procedures provided by the 
commercial diagnostic kit. 

Analysis of tissue glycogen contents 
Twelve mice were taken out from each group 
for tissue glycogen contents analyses. Mice 
were forced to swim for 90 min without loads. 
After resting for 60 min, the mice were killed 
to collect their livers and gastrocnemius muscles 
(28). Then, tissue glycogen contents were tested 
according to the recommended procedures 
provided by the commercial diagnostic kit. 

Statistical analysis 

All results are expressed as mean ± SD 
for ten mice in each group. To determine the 
effect of treatment, data was analyzed using 
one-way ANOVA repeated measures. P-values 
of less than 0.05 were regarded as significant. 
Significant values were assessed with Duncan's 
multiple range test. Data was analyzed using the 
statistical package "SPSS 12.0 for Windows". 

Results and Discussion 

Effect of SGFE on body weights of mice 
The body weights of mice were measured 
at the beginning of the experiment (day 0) and 
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Figure 2. Effect of Siraitia grosvenorii fruit extracts (SGFE) on blood lactic acid of mice. 

Data were presented as means ± SD (n = 12 per group). C: control, LT: low-dose SGFE-treated (100 mg/Kg bodyweight); MT: middle- 
dose SGFE-treated (200 mg/Kg bodyweight), HT: high-dose SGFE-treated (400 mg/Kg bodyweight). *: p < 0.05 as compared with the 
control group. 



after the administration with different dosages of 
SGE for 28 days (28 th day). It was found (data 
not shown) that the body weights of mice in the 
SGFE-treated groups (LT, MT and HT group) 
were not different significantly from that in the 
control group (C group) at day 0 or 28 (p > 0.05), 
which means the SGFE has no effect on body 
weight. 

Effect of SGFE on the time of swimming-to- 
exhaustion tests swimming time to exhaustion of 
mice 

A direct measure of an anti-fatigue effect is 
the increase in exercise tolerance. Swimming- 
to-exhaustion is an experimental exercise model 
to evaluate the anti-fatigue effect; it works 
well for evaluating the endurance capacity of 
mice and gives a high reproducibility (29). 
To standardize the workload and reduce the 
swimming time, weights at specific body 
weight percentages were added to the chest or 
tail of the animal (30). Reduced susceptibility 
to fatigue is correlated with longer swimming 
times (3 1 ). As shown in Figure 1 , the swimming 
time-to-exhaustion of the SGFE-treated groups 
(LT, MT and HT group) were significantly 
longer than that of control group (C group) 
(p < 0.05). The results indicated that SGFE had 
anti-fatigue effects and these effects were dose- 
dependent. 



Effect of SGFE on blood lactic acid and 
serum urea nitrogen of mice 

The swimming exercise is known to induce 
the blood biochemical changes (32). Blood 
lactic acid (BLA) is the glycolysis product of 
carbohydrate under an anaerobic condition, and 
glycolysis is the main energy source for intense 
exercise in a short time. Therefore, BLA is 
one of the important indicators for judging the 
degree of fatigue (28, 33). In other words, BLA 
represents the degree of fatigue after exercise 
and the condition of recovery (26). As shown 
in Figure 2, after swimming, the SGFE-treated 
groups (LT, MT and HT group) showed a dose- 
dependent decrease in the BLA levels compared 
with the control group (C group) (p < 0.05). 
The results indicated that SGFE can effectively 
delay the increase of lactic acid in the blood and 
postpone the appearance of physical fatigue. 

Blood urea nitrogen (BUN), the metabolism 
outcome of protein and amino acid, is a sensitive 
index to evaluate the bearing capability when 
humanbodies suffer from aphysical load. Several 
studies have shown that the BUN in the blood 
rises significantly for a long-run athlete after 
exercise (26, 34, 35). In other words, the worse 
the body is adapted for exercise tolerance, the 
more significantly the BUN level increases (29, 
36). Therefore, BUN is another index of fatigue 
status. As shown in Figure 3, after swimming, 
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Figure 3. Effect of Siraitia grosvenorii fruit extracts (SGFE) on serum urea nitrogen (SUN) of mice. 

Data were presented as means ± SD (n = 12 per group). C: control, LT: low-dose SGFE treated (100 mg/Kg bodyweight); MT: middle- 
dose SGFE treated (200 mg/Kg bodyweight), HT: high-dose SGFE treated (400 mg/Kg bodyweight). *: p < 0.05 as compared with 
control group 



MT and HT group showed a significant decrease 
in the BUN levels compared with the control 
group (C group) (p < 0.05). However, BUN 
levels of the LT group were lower than that of 
the control group (C group), but there was no 
significant difference (p > 0.05). The results 
indicated that SGFE may reduce the catabolic 
decomposition of protein for energy. 

Effect of SGFE on liver and muscle glycogen 
of mice 

It was known that the endurance capacity of 
body was markedly decreased if the energy was 
exhausted (37). Energy for exercise is derived 
initially from the breakdown of glycogen, 
after the strenuous exercise muscle glycogen 
exhausts, and later, energy forms circulating 
glucose released by the liver (38, 39). Thus, 
the glycogen contents are sensitive parameters 



related to fatigue. Table 1 shows the effect of 
SGFE on liver and muscle glycogen of mice. 
After swimming, the SGFE-treated groups (LT, 
MT and HT group) showed a dose-dependent 
increase in the liver and muscle glycogen 
contents compared with the control group (C 
group) (p < 0.05). The results indicated that the 
rate of glycogen depletion was delayed in the 
SGFE-treated groups, and suggested that SGFE 
could decrease carbohydrate utilization during 
the exercise. 

In conclusion, the data showed that SGFE 
can extend the swimming time of the mice, as 
well as increasing the liver and muscle glycogen 
contents, but it decreases the blood lactic acid 
and serum urea nitrogen levels. These results 
indicated that SGFE had significant anti-fatigue 
effects on mice and these effects were dose- 
dependent. However, further study is needed 



Table 1. Effect of Siraitia grosvenorii fruits extracts (SGFE) on liver and muscle glycogen of mice. 

Group Liver glycogen (mg/g) Muscle glycogen (mg/g) 
C 7.54 ±2.21 1.21 ±0.27 

LT 14.27 ±3.38* 1.86 ±0.42* 

MT 17.29 ±3.87* 1.95 ±0.33* 

HT 19.63 ±3.11* 2.06 ±0.61* 

Data were presented as means ± SD (n = 12 per group). C: control, LT: low-dose SGFE treated (100 mg/Kg bodyweight); MT: middle- 
dose SGFE treated (200 mg/Kg bodyweight), HT: high-dose SGFE treated (400 mg/Kg bodyweight). *: p < 0.05 as compared with the 
control group. 
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to elucidate the more exact mechanism of the 
anti-fatigue effect of SGFE at the cellular and 
molecular levels. 

References 

(1) Sugino T, Shirai T, Kajimoto Y and Kajimoto O. 
L-ornithine supplementation attenuates physical 
fatigue in healthy volunteers by modulating lipid and 
amino acid metabolism. Nutr. Res. (2008) 28: 738-43. 

(2) Tanaka M, Baba Y, Kataoka Y, Kinbara N, Sagesaka 
YM, Kakuda T and Watanabe Y. Effects of (-) 
-epigallocatechin gallate in liver of an animal model 
of combined (physical and mental) fatigue. Nutrition. 
(2008) 24: 599-603. 

(3) Powers SK and Jackson MJ. Exercise-induced 
oxidative stress: cellular mechanisms and impact on 
muscle force production. Physiol. Rev. (2008) 88: 
1243-76. 

(4) Allen DG, Lamb GD and Westerblad H. Skeletal 
muscle fatigue: cellular mechanisms. Physiol. Rev. 
(2008) 88: 287-332. 

(5) Morimoto Y, Zhang Q and Adachi K. Increased Blood 
Quinolinic Acid after Exercise in Mice: Implications 
for Sensation of Fatigue after Exercise. J. Health Sci. 
(2011) 57: 367-71. 

(6) Powers SK, Ji LL and Leeuwenburgh C. Exercise 
training-induced alterations in skeletal muscle 
antioxidant capacity: a brief review. Med. Sci. Sports 
Exerc. (1999) 31: 987-97. 

(7) Reid MB. Free radicals and muscle fatigue: Of ROS, 
canaries, and the IOC. Free Radio. Biol. Med. (2008) 
44: 169-79. 

(8) Sugino T, Aoyagi S, Shirai T, Kajimoto Y and Kajimoto 
O. Effects of Citric Acid and 1-Carnitine on Physical 
Fatigue. J. Clin. Biochem. Nutr. (2007) 41: 224-30. 

(9) Zhang L, Hu TJ and Lu CN. Immunomodulatory 
and antioxidant activity of a Siraitia grosvenorii 
polysaccharide in mice. Afr. J. Biotech. ( 2011) 10: 
10045-53. 

(10) Qi XY, Chen WJ, Zhang LQ and Xie BJ. Mogrosides 
extract from Siraitia grosvenori scavenges free radicals 
in-vitro and lowers oxidative stress, serum glucose, 
and lipid levels in alloxan-induced diabetic mice. Nutr. 
Res. (2008) 28: 278-84. 

(11) Hossen M A, Shinmei Y, Jiang S, Takubo M, Tsumuro 
T, Murata Y, Sugiura M and Kamei C. Effect of Lo Han 
Kuo (Siraitia grosvenori Swingle) on nasal rubbing 
and scratching behavior in ICR mice. Biol. Pharm. 
Bull. (2005)28: 238-41. 

(12) Matsumoto S, Jin M, Dewa Y, Nishimura J, Moto M, 
Murata Y, Shibutani M and Mitsumori K. Suppressive 
effect of Siraitia grosvenorii extract on dicyclanil- 
promoted hepatocellular proliferative lesions in male 
mice./. Toxicol. Sci. (2009) 34: 109-18. 

(13) Lin GP, Jiang T, Hu XB, Qiao XH and Tuo QH. Effect 
of Siraitia grosvenorii polysaccharide on glucose and 
lipid of diabetic rabbits induced by feeding high fat/ 



high sucrose chow. Exp. Diabetes Res. (2007) 67435: 
1-4. 

(14) Akihisa T, Hayakawa Y, Tokuda H, Banno N, Shimizu 
N, Suzuki T and Kimura Y. Cucurbitane glycosides 
from the fruits of Siraitia gros venorii and their 
inhibitory effects on Epstein-Barr virus activation. J. 
Nat. Prod. (2007) 70: 783-8. 

(15) Chaturvedula VSP and Prakash I. Kaempferol 
glycosides from Siraitia grosvenorii. J. Chem. Pharm. 
Resi. (2011) 3: 799-804. 

(16) Hao M, Ba Q, Yin J, Li J, Zhao Y and Wang H. 
Deglycosylated ginsenosides are more potent inducers 
of CYP1A1, CYP1A2 and CYP3A4 expression in 
HepG2 cells than glycosylated ginsenosides. Drug 
Metab. Pharmacokinet. (2011) 26: 201-5. 

(17) Chen L, Qi J, Chang YX, Zhu D and Yu B. Identification 
and determination of the major constituents in 
Traditional Chinese Medicinal formula Danggui- 
Shaoyao-San by HPLC-DAD-ESI-MS/MS. J. Pharm. 
Biomed. Anal. (2009) 50: 127-37. 

(18) Zhao W, Ye Q, Tan X, Jiang H, Li X, Chen K and 
Kinghorn AD. Three new sesquiterpene glycosides 
from Dendrobium nobile with immunomodulatory 
activity. J. Nat. Prod. (2001) 64: 1196-200. 

(19) Lechtenberg M, Schepmann D, Niehues M, 
Hellenbrand N, Wiinsch B and Hensel A. Quality 
and functionality of saffron: quality control, species 
assortment and affinity of extract and isolated saffron 
compounds to NMDAand sigmal (sigma-1) receptors. 
Planta. Med. (2008) 74: 764-72. 

(20) Zhou J. Bioactive glycosides from Chinese medicines. 
Mem. Ins.t Oswaldo. Cruz. (1991) 2: 231-4. 

(21) Chen G, Xu N, Li ZF, Zhang QH, Wu HH and Pei YH. 
Steroidal glycosides with anti-tumor activity from the 
roots of Cynanchum wallichii Wight. J. Asian Nat. 
Prod. Res. (2010) 12: 453-7. 

(22) Kawabata T, Cui MY, Hasegawa T, Takano F and Ohta 
T. Anti-inflammatory and anti-melanogenic steroidal 
saponin glycosides from Fenugreek (Trigonella 
foenum-graecum L.) seeds. Planta. Med. (2011) 77: 
705-10. 

(23) Li RW, Leach DN, Myers SP, Lin GD, Leach GJ and 
Waterman PG. A new anti-inflammatory glucoside 
from Ficus racemosa L. Planta. Med. (2004) 70: 421-6. 

(24) Song F, Qi X, Chen W, Jia W, Yao P, Nussler AK, Sun X 
and Liu L. Effect of Momordica grosvenori on oxidative 
stress pathways in renal mitochondria of normal and 
alloxan-induced diabetic mice. Involvement of heme 
oxygenase- 1. Eu.rJ. Nutr. (2007) 46: 61-9. 

(25) Yao LQ and Li FL. Lycium barbarum polysaccharides 
ameliorates physical fatigue. Afr. J. Agric. Res. (2010) 
5: 2153-7. 

(26) Wang JJ, Shieh MJ, Kuo SL, Lee CL and Pan TM. 
Effect of red mold rice on antifatigue and exercise- 
related changes in lipid peroxidation in endurance 
exercise. Appl. Microbiol. Biotechnol. (2006) 70: 247- 
253. 

(27) Zhang XL, Ren F, Huang W, Ding RT, Zhou QS and 
Liu XW. Anti-Fatigue Activity of Extracts of Stem 



120 



Effects of Siraitia grosvenorii Fruits Extracts on Physical Fatigue in Mice 



Bark fromAcanthopanax senticosus. Molecules. (20 11) 
16: 28-37. 

(28) Ma L, Ca DL, Li HX, Tong BD, Song LH and Wang 
Y. Anti-fatigue effects of salidroside in mice. J. Med. 
Coll. PLA. (2008) 23: 88-93. 

(29) Zhang Y, Yao X, Bao B and Zhang Y. Anti-fatigue 
activity of a triterpenoid-rich extract from Chinese 
bamboo shavings (Caulis bamfusae in taeniam). 
Phytother. Res. (2006) 20: 872-876. 

(30) Mizunoya W, Oyaizu S, Ishihara K and Fushiki T, 
Protocol for measuring the endurance capacity of 
mice in an adjustable-current swimming pool, Biosci. 
Biotechnol. Biochem. (2002) 66: 1133-1136. 

(3 1) You LJ, Zhao MM, Regenstein JM and Ren JY. In-vitro 
antioxidant activity and in-vivo anti-fatigue effect of 
loach (Misgurnus anguillicaudatus) peptides prepared 
by papain digestion. Food Chem. (2011) 124: 188-194. 

(32) Yalcin O, Bor-Kucukatay M, Senturk UK and Baskurt 
OK. Effects of swimming exercise on red blood cell 
rheology in trained and untrained rats. J. App. I Physiol. 
(6)(2000) 88: 2074-2080. 

(33) Ding JF, Li YY, Xu JJ, Su XR, Gao X and Yue FP. 
Study on effect of jellyfish collagen hydrolysate on 
anti-fatigue and anti-oxidation. Food Hydrocol. (20 11) 
25: 1350-1353. 

(34) Wu IT. The effects of serum biochemical value with 
different beverage to replenish and intermittent 



exercise in high intensity. Tahan. J. College Engr. 
Business J. (1999) 13: 387-400. 

(35) Cooke M, Iosia M, Buford T, Shelmadine B, Hudson 
G, Kerksick C, Rasmussen C, Greenwood M, Leutholtz 
B, Willoughby D and Kreider R. Effects of acute and 
14-day coenzyme Q10 supplementation on exercise 
performance in both trained and untrained individuals. 
J. Int. Soc. Sports Nutr. (2008) 5: 8. 

(36) Huang LZ, Huang BK, Ye Q and Qin LP. Bioactivity- 
guided fractionation for anti-fatigue property of 
Acanthopanax senticosus. J. Ethnopharmacol. (2011) 
133: 213-9. 

(37) Tang KJ, Nie RX, Jing LJ and Chen QS. Anti-athletic 
fatigue activity of saponins (Ginsenosides) from 
American ginseng (Panax quinquefolium L.). Afr. J. 
Pharm. (2009) 3: 301-306. 

(38) Suh S H, Paik I Y and Jacobs K. Regulation of blood 
glucose homeostasis during prolonged exercise. Mol. 
Cells. (2007) 23: 272-9. 

(39) Wei W, Zheng LY, Yu MY, Jiang N, Yang ZR and Luo 
X. Anti-fatigue activity of extract form the submerged 
fermentation of Ganoderma Lucidum using Radix 
astragali as substrate. J. Anim. Plant Sci, (2010) 6: 
677-84. 

This article is available online at http://www.ijpr.ir 



121 



